The genome of simian foamy virus type 1 encodes a transcriptional transactivator (Taf) (13, 15, 22, 31, 32, 38) . Comparative studies show that the U3 domain of the LTRs and the predicted amino acid sequences of the taf genes of the two SFVs (SFV-1 and SFV-3) have diverged greatly from that of HFV, with 38% and 34% identities, respectively (21, 30 
Foamy viruses are members of a distinct subfamily of retroviruses that possess a complex genome organization as well as complex means of regulating gene expression (21) . Although these viruses induce extensive cytopathology in cell culture, the pathogenic potential of foamy viruses has not been clearly defined. Recently, a portion of the genome of a human foamy virus (HFV) was shown to cause neurodegenerative disease in transgenic mice (1) . These findings suggest a biological role for foamy virus, perhaps with certain neurological diseases. Simian foamy virus type 1 (SFV-1), isolated from a rhesus macaque, and type 3 (SFV-3), isolated from an African green monkey, have been molecularly cloned and sequenced (21, (23) (24) (25) 30) . In addition to gag, pol, and env, the genomes of SFV-1 and SFV-3 contain two open reading frames (ORFs) between env and the long terminal repeat (LTR). In contrast, the genome of HFV contains three additional ORFs (bel-1, bel-2, and bel-3) in the corresponding region (4, 20) . Complex splicing events are required to generate messages that encode the ORF regions of foamy viruses (25, 26) . The first ORF encodes a transcriptional transactivator designated Taf (transcriptional transactivator of foamy virus) that activates gene expression directed by the homologous LTR (13, 25, 31, 32, 38) . cis-acting elements for transactivation have been mapped to several distinct regions of the U3 domain of the LTR (13, 15, 22, 31, 32, 38) . Comparative studies show that the U3 domain of the LTRs and the predicted amino acid sequences of the taf genes of the two SFVs (SFV-1 and SFV-3) have diverged greatly from that of HFV, with 38% and 34% identities, respectively (21, 30) . Consequently, Taf of either SFV-1 or HFV does not cross-transactivate gene expression directed by the heterologous LTR (22) . The HFV Taf protein has been shown to be critical for viral replication (17 (10) . The mutated taf sequences were placed downstream of the simian virus 40 early promoter for expression; plasmids with the altered amino acids are shown in Fig. 1 (29) . To determine whether this acidic region is the activation domain of SFV-1 Taf, a chimeric (Table 1) . Therefore, the amino-terminal region rich in acidic amino acids, similar to the acidic transcriptional transactivators, is the activation domain of Taf. We tested whether activation by Taf is related to the net negative charge by replacing, in various combinations, the acidic amino acids within the acidic region. The ability of each Taf derivative to activate SFV-1 LTR-directed CAT expression was measured. All site-specific mutants show a level of transactivation severalfold higher than that of the basal promoter activity (Fig. 1) . Replacing less than five acidic amino acids (pSVTAF/A1, pSVTAF/A2, and pSVTAF/A11) had no effect on the activity of Taf. Although substituting 11 of the acidic amino acids (pSVTAF/A111) reduced CAT expression by at least fourfold, Taf still maintained potent activation activity. Furthermore, deletion of amino acids 27 to 57 (pSVTAIFA27-57) did not affect the function of Taf. Substitution of the remaining acidic amino acids in the acidic region of this mutant (pSVTAF/A112) resulted in Taf activity with one-seventh of the wild-type activity. Replacement of increasing numbers of acidic residues, thus, led to progressive decreases in transcriptional activation as with other acidic transcriptional transactivators (5, 6) . The observation that all the mutations tested resulted in transcriptional activation severalfold higher than the basal level suggests that there may be a second activation domain that works independently of the acidic region. Conserved regions. The predicted Taf protein sequences of the SFVs and HFV show a high degree of sequence divergence; they show only 38% homologies (21, 30) . There are two regions (regions II and IV [ Fig. 1 and 2] , however, which are highly conserved among the taf genes of foamy viruses; 12 of 17 amino acids in region II (positions 93 to 109) and 18 of 24 amino acids in region IV (positions 277 to 300) are identical. These highly homologous clusters in genes with low sequence homologies overall indicate that the conserved region may define critical functional domains of Taf; one of these regions may be the second activation domain that functions independently of the acidic region. To test this hypothesis, we have introduced deletions in regions II and IV and tested the mutations for the ability to transactivate SFV-1 LTR-directed CAT expression. Taf with a deletion at the carboxy terminus that includes region IV (pSFTAF/ BamHI) showed transactivation activity 17 and 15 times higher than the basal level in COS-7 and L-929 cells, respectively (Fig. 1) . These transactivation levels are substantially lower than that of the wild-type Taf (76-fold in COS-7 and 168-fold in L-929 cells compared with basal levels). Only mutations in both regions I (acidic region) and IV (pSVTAF/A111/AC and pSVTAF/A112/AC) resulted in CAT expression that is equivalent to the basal promoter activity; this result implicates these two regions as the activating domains of Taf that can independently augment gene expression directed by the LTR (Fig. 1) Removal of amino acids from positions 93 to 109 (pSVTAFA93-109) completely abolished Taf activity (Fig. 2,  region II) . To define the exact sequences required for activity in the conserved region II, taf mutations were generated by oligonucleotide-directed mutagenesis (Fig. 2) (Fig. 2) . A corresponding region of the human Taf protein (Bel-1) was also shown to be essential for transactivation (9, 39) .
DISCUSSION
This report investigates the functional domains of the transcriptional transactivator (Taf) protein of SFV-1 that activates gene expression directed by the viral LTR. The amino-terminal acidic region and a highly conserved sequence, among the tafgenes of foamy viruses, located at the carboxy terminus were identified to be the activation domains of the Taf protein (regions I and IV) (Fig. 4) . These two domains activate gene expression directed by the viral LTR independently of each other. A second highly conserved region (region II) located downstream from the acidic region is a critical determinant of Taf activity. The region in the middle of Taf (region III) that contains several discrete stretches of positively charged amino acids is required and necessary for transactivation.
Several of the activation domains of the acidic transcriptional transactivators do not show any strong amino acid sequence homology to each other, except for the fact that they all contain a number of negatively charged amino acids (28) . One-third of the first 48 amino acids of the Taf protein of SFV-1 as well as SFV-3 and HFV are acidic amino acids. Although a high proportion of negatively charged amino acids are present in the amino termini of the Taf proteins of foamy viruses, the acidic regions are highly divergent (Fig.  5 ). Activation domains of several transcriptional regulators have been mapped by fusing segments of those proteins to the DNA-binding domain from heterologous protein (8, 16, 19, 33) . Similarly, the acidic region of SFV-1 Taf protein is a potent activator when fused to the DNA-binding domain of the yeast transcriptional transactivator GALA. Therefore, SFV-1 Taf in part falls into the class of acidic transcriptional transactivators. Chimeric protein of the GAL4 and the acidic region of the human foamy virus tafgene, however, does not transactivate gene expression directed by a promoter element containing the GAIA target sequence (39) . The negatively charged residues in acidic activators are shown to be displayed as an amphipathic helix in which the acidic amino acids are positioned on one side of the helix, presumably to allow them to come into contact with another protein (7, 18) . Since the taf genes of SFV-1 and HFV have significantly different acidic domains, the discrepancies of the GAL4 fusion experiments may reflect structural differences, implying that Taf of HFV may not be an acidic activator. ceptor has two acidic activation domains (8, 11) . Activation domains in certain transcriptional transactivators are not confined to a single factor. Two unrelated potent activation domains, one at the amino terminus rich in glutamine and the other one at the carboxy terminus rich in proline, are identified for the transcriptional activator of Oct-2 (37) . Similarly, SFV-1 Taf has a second activation domain at the carboxy terminus that is structurally distinct from the aminoterminal acidic region (Fig. 4) . The carboxy terminus of HFV Taf was also shown to be the activation domain and is highly conserved among the three tafgenes of foamy viruses sequenced so far (9, 39 [Fig. 4 ]) of SFV-1 Taf revealed that this region is functionally critical. A corresponding region in the taf gene of HFV has also been shown to be required for transactivation (9, 39) . Although the basic domain of Taf is important for activity, it is not clear whether Taf binds to DNA directly or indirectly through cellular proteins. Furthermore, the role of region II (essential region [ Fig. 41 (12, 14, 22) . Binding studies using Taf alone or in combination with cellular extracts will be useful in determining whether host proteins are required for its interaction with DNA.
Nuclear targeting sequences are essential for the transport of proteins into the nucleus. The targeting sequences are usually short stretches with many positively charged amino acids (3, 27) . Although several basic amino acids are present in the nuclear localization signals, protein sequences that bear low degrees of sequence homology have been reported to manifest identical biological functions (3, 27) . The sequence KHHKPRQKRPRRR (positions 211 to 223 [ Fig. 5]) in the basic region of HFV Taf has been identified as the nuclear localization signal (9, 39) . Mutation analysis of the basic amino acids in the corresponding region (positions 213 to 222 [ Fig. 5 
